This Issues and Opinions Essay provides informed insights on developments and challenges related to responsible governance in the field of S&T across Europe, China and India. The
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The notion of responsibility and the imperative of managing science and technology responsibly has gained considerable traction over the last decades. In the academic literature, the imperative of governing responsibly modern science and technology stretches back a few decades in diverse fields like ethics [2] and technology assessment 1 The idea of this paper originated from a workshop entitled 'Responsible Governance of Science and Technology: perspectives from Europe, China and India' held at the European Parliament in Brussels, Belgium on March 19, 2014 , to which all the Authors participated. The event was organised by the Science and Technology Options Assessment (STOA) Panel. The STOA Panel is the European Parliament's inhouse source of independent, balanced analysis of public policy issues related to S&T. Its aim is to inform parliamentary debate and keep the Members of the European Parliament up-to-date with current and emerging S&T issues and their policy implications. [1] [ [3] [4] [5] . It is however in the last decade that responsibility has gained an important access to science and technology policy, both moving into policy and funding programs and being the subject of the recommendations of authoritative advisory boards and respected scientific and the protagonists of policy and strategic documents issued by political institutions in fields like synthetic biology [6] , geoengineering [7] , or nanotechnology [8] [9] [10] [11] .
This emphasis on responsibility in S&T draws on the established or emerging approaches looking at the encounters of science, technology and society as well as governing the complex trajectories that these encounters originated. Technology Assessment [12, 13] , ethics of technology [12, 14] , ethical, legal and social aspects (ELSA) studies of emerging technologies (e.g. [15] ), anticipatory governance [16] , socio-technical integration [17] are all examples of these efforts.
In essence, the current discussions on the responsible governance of science and technology derive and develop from these various approaches the importance to assess the societal issues of science and technology, so that their developments can be aligned to societal values and goals. Moreover, the responsible approach to science and technology governance incorporates the "upstream movement" that was initiated by its predecessors, viewing participation as a crucial instrument for incorporating societal views in policies and decisions about S&T [18, 19] .
Current debates and the present scientific literature on the responsible governance of S&T and its forms are largely limited to experiences and approaches elaborated in Europe and North America. This Issues and Opinions Essay is a first attempt to explore responsible governance of science and technology beyond these boundaries and to include Asia in the picture. While it does not present the results of a specific research project, the Essay introduces some informed reflections of S&T policy experts in the three regions with the aim to initiate a debate on the scope and possibilities of further comparative work leading to a better understanding of how the responsible governance of science and technology is perceived and can develop internationally . In doing so, the paper will present an initial comparison of the relevant policy debates in Europe, China and India. China and India have emerged both as significant players in the production of S&T, new ideas and global knowledge. The European Union (EU), India and China are at different stages of economic and social development, but all face challenges with regard to the relationship between science and society. Developments in the three regions are related in terms of both collaboration and competition.
So far as S&T policy is concerned, the EU has agreed on the common understanding that responsible governance should include social and ethical considerations in strategy and policy formulation, encompassing both expert and public opinion and utilising wide consultation processes. The current concept of Responsible Research and Innovation (RRI) has been developed from these ideas [20] [21] [22] [23] .
Although concept of RRI is not explicitly included as such in official Indian and Chinese S&T policy, comparable ideas about responsible governance are being debated and have even started to appear in policy documents. For instance, in the national plan of science and technology in China, scientific development is still seen as the unquestioned driver of the country's economic performance but with a reference to responsible management and the right of society to take part in the discussions and decision making processes in S&T [24] . Similarly in India, the 'Science, Technology and Innovation Policy 2013' document of the Indian Department of Science and Technology (DST) suggested that S&T could be targeted at improving quality of life, stating that: "Science technology and innovation for the people is the new paradigm of the Indian science, technology and innovation policy" [25] .
These official commitments are accompanied -and partially caused -by the vocal action of civil society, aiming to shape (and contest) technology policies and developments in these countries. As in Europe, recent public controversies in areas such as scientific misconduct, food safety and public health in China and India have proven to be a catalyst for S&T debates. They have highlighted limitations in governance and have also begun eroding public trust in science [26, 27] . This is particularly evident in debates on genetically modified crops whereby public debates initiated by civil society organisations in India and China were not only very similar in content and intensity to those in Europe but have also led to similar policy initiatives in GM food regulations and more importantly, they have initiated new decision making processes that highlight the need for more accountability and responsibility in governance [28] . In sum, views on the social implications of S&T are increasingly being incorporated in the standard approach to analysing the advantages and disadvantages of new technologies, and systems of wider consultation have gained or are gaining policy acceptance in all these three regions.
Despite these commonalities, a closer look at the respective geographical context is needed to define concepts and strategies that can effectively explore this common interest in responsibility. This Essay presents reflections on responsible governance from the EU and the two emerging Asian economies of China and India, seeking to open the debate about the prerequisites, challenges, differences and possible convergences of responsible governance in the three regions.
The first section will provide background information on the scientific, technologic and economic contexts shaping the S&T developments in the three regions. The second section will discuss the concept of responsible governance of S&T, with a view to the current debate on RRI in Europe as it forms the main paradigm for the incorporation of responsibility in public policy in the EU. The third and fourth sections will present some considerations about the debate on responsible S&T governance in China and India, along with the main challenges for its uptake in public policy. The final section will discuss the 5 possible implications of the current trend for further research and policy collaboration amongst the three regions.
Science, technology and the economy
While the Essay has no ambition to provide a comprehensive comparison, the illustration of a few major data on the different scientific, technological and economic contexts can be useful to understanding the debates on and policies of responsible S&T governance in China, India and the EU.
European Union
The EU originated with economic integration between countries in Europe, which aimed to end the devastating wars between them. Both economic and political integration have since deepened, with expansion from the six countries that founded the EU's predecessor 
6
In recent years, the economic downturn has severely hurt Europe. In 2009, gross domestic product (GDP) fell in all EU Member States (with the exception of Poland) with a mean decrease of 4.5% (Figure 1 ) [29] .
FIGURE 1 APPROXIMATELY HERE
Unemployment rates increased substantially from 7.2% in 2007 to 10.6% in January 2014, with even over a quarter of the active population unemployed in Spain and Greece. In parallel with the financial crisis, public confidence in the EU has fallen to low levels in the last years. The EU is the biggest trading partner in the world, followed by the United States and China [29] . The EU currently spends about 2% of GDP on R&D, which represents an annual expenditure of about EUR 245 billion ( Figure 2 ) [32] .
FIGURE 2 APPROXIMATELY HERE
The EU has adopted an ambitious strategy for S&T that aims to make the region the world leader in both output quality and R&D expenditure. Investing 3% of the EU's GDP in R&D, reducing the rates of early school leaving to below 10%, and ensuring that at least 40% of 30-34-year-olds complete third level education are all objectives of the Europe 2020 strategy, the EU's growth strategy for the decade [33] .
China
In China, before reforms and opening up started in 1978, the state-led S&T system was very hierarchical. R&D expenditure was concentrated in government institutions with few links to the market. Universities had almost no role in technological development or 7 commercialization. By the late 1970s, the government recognised the low level of effectiveness of such a system and initiated a series of reforms to close the gap between China and Western countries. Reform of the economic system included the introduction of market pressures, rationalisation of the government-led economy, creation of spin-off high-technology companies and the import of technology (foreign firms were granted access to the domestic market in return for technology transfer) [34] . Nowadays, globalisation links Chinese companies to foreign customers, technology suppliers, and strategic partners. Economic openness has increased competition, forcing China to innovate and raise productivity. Notwithstanding these changes, China remains largely under central, top-down control.
China has seen tremendous development over the past two decades, with an average GDP growth of nearly 10% per year (Figure 1) . In 2005 the Chinese economy was half the size of the American economy. In 2011 it was 87%. Considering China's 24% economic growth from 2011 to 2014 compared to the American figure of 7.6%, the Chinese economy is likely to overtake the United States economy this year [35, 36] . China is the leading supplier of goods for the EU (17%) and the second market for European goods [29] . This pace of development is mirrored in the S&T sector: China now has the third largest R&D investment budget in the world. According to the Scimago World Report 2013 (based on the period 2007-2011) the Chinese Academy of Sciences is the second ranked institution in the world for the number of scientific articles produced [37] . China is a world leader in many high-tech areas, such as biotechnologies and nanotechnology. However, the pace of change has created a host of social problems not unlike those seen in more advanced economies. The new-found ability to create economic wealth through S&T developments has produced a general euphoria about S&T but little discussion of its implications for everyday life. The management system of S&T, characterised both by centralised bureaucracy in the public sector and deregulation in the private sector, creates additional barriers to an effective system of regulation [38] . Socio-economic inequalities produced by rapid economic development are another hindrance for S&T.
India
Before the economy was opened in 1991, central planning, extensive regulatory controls, and widespread restrictions on foreign investment were the defining characteristics of the Indian economy [34] . The socialist vision of Nehru (prime minister from 1947 to 1964) gave way to an era of accelerated foreign direct investment, and economic and technical progress. India has emerged as one of the strongest developing economies in the world.
The rate of GDP growth reached nearly 6% and stayed at this level for two decades. If the EU is not counted as a single unit, the Indian economy will become the third largest economy in the world before 2020 [39] . The EU and India are major trading partners.
India is the EU's eighth largest export market [40] . According to the Economic Survey 2012-13, following the slowdown induced by the global financial crisis in 2008-09, the Indian economy responded strongly and achieved a growth rate of 8.6% and 9.3% respectively in 2009-10 and 2010-11, though the growth slowed down to 5.0% in 2012-13 [41] . India's hi-tech exports increased from US$ 10 billion in 2009 to US$ 12.4 billion in 2012 [42] . Thus, it is very clear that S&T is and will be playing a major role in the economic growth, particularly in the realm of international trade.
R&D spending in India is low compared to Europe or China (Table 1) .
TABLE 1 APPROXIMATELY HERE
The 12th Five-Year Plan for the period 2012-2017 proposes to increase R&D expenditure to 2% of GDP. It also intends to increase the number of full-time researchers/scientists from the current level of 154,000 to 250,000; boost the volume of publication outputs in 9 basic research from a global share of 3% to 5%; improve the global publication ranking from 9th to 6th by the end of the 12th Plan; and focus on doubling the number of patents and increasing the commercialization of patent portfolio to 5-6% from the current level of less than 2% [43] . In addition, India's R&D spending as a percentage of GDP has increased from 0.81% in 2005 to 0.87% in 2010; India's share in global research publications increased from 2.2% in 2000 to 3.5% in 2010 as per the SCI (Science Citation Index) database [44] . However, these achievements mask severe problems. For example, inequality continues to be of considerable importance, with a quarter of India's population living below the poverty line [39, 45] . The country remains largely an agrarian economy, with roughly 50% of the work force employed in the agricultural sector. India has about 250 million adults who cannot read or write, literacy is declining slowly, and the percentage in higher education is low (Table 1 ). There are also problems in the S&T sector; the Indian Institutes of Technology produce elite engineering graduates, but a large proportion of traditional universities are inadequate, with lack of autonomy and financial resources and a paucity of research output [46] .
Responsible governance in the European Union
Over the past two decades, a series of events progressively undermined the legitimacy of EU S&T governance, raising concerns over the social uptake of scientific-technological innovations [47] . Food crises in the 1990s, such as bovine spongiform encephalopathy ('mad cow disease') and the dioxin contamination scandal (with dioxin detected in animal food products, mainly eggs and chickens), undermined public confidence in regulatory procedures and expert-based policy-making [48] . A significant part of the European public considers GMOs to be the uncritical development of a potentially dangerous technology, whose risks were under-analysed [49] . These experiences forced European policy-makers to demonstrate to the public that the social and ethical principles behind publicly funded R&D investments were adequately considered. In 'Science, society and the citizen in Europe', the EC argued that the relationships between S&T and society "have to change because of the impact of science and research […] on the quality of life in Europe" [50] .
Philippe Busquin, European Commissioner for R&D from 1999 to 2004, and later STOA Chair, stated that "democratic governance must ensure that social and economic issues are taken into consideration in research activities" [51] . In the execution of the European Commission's 'Science and Society Action Plan' which was launched in December 2001 [52] , the European Commission (EC) appointed a high-level expert group to develop guidelines on genetic testing.
The result of their work was published as '25
Recommendations on the ethical, legal and social implications of genetic testing' [53] .
Within the Seventh Framework Programme for Research and Development of the
European Union (FP7) running from 2007 to 2013, the European Commission published guidelines on responsible research and research ethics, and on the ethical reviews procedures for EU-funded research projects [54] . Following also the emerging broader international trends we have briefly referred to in the introduction (e.g. [6] [7] [8] [9] ), the European Commission went further to institutionalize the responsible governance of S&T in its sector policies. Most prominently, the EC action plan on nanotechnology outlined a responsible strategy to integrate health, safety and environmental aspects and taking into account public opinion [10] . As part of this strategy, the EC issued a 'Code of Conduct for Responsible Nanosciences and Nanotechnologies' in 2008 [11] , designed as an overarching responsibilisation framework for research and technology developments.
Recent debates have considered nanotechnology's future [55, 56] and sought a new governance paradigm to anticipate and steer social reactions [16] .
This attention to responsible governance was not restricted to the European institutions, but it was also prominent in some of the EU Member States. For instance, the UK Royal Society addressed the scientific and technical aspects of geo-engineering and advocated an adequate research governance framework to "guide the sustainable and responsible development of research activity", including the development of scientific codes of practice [7] . Similarly, the UK Engineering and Physical Sciences Research Council has developed a framework of responsible innovation in its funding scheme to incorporate knowledge about ethical acceptability and social needs in its research [57] . 
RRI: conceptual development and incorporation in the EU public policy
The integration of responsible development in specific technological and scientific fields like nanotechnology has over the years accompanied the establishment of responsibility as a general feature of EU S&T policy under the umbrella notion of RRI, i.e. the areas of work that were previously referred to as 'science in society' in EC are now called 'responsible research and innovation' [59] . RRI and its 'sister notion' of Responsible Innovation, have been defined in different ways [20] [21] [22] [23] . Nevertheless, some common characteristics are discernible. These can be summarised in four features, following closely the definition proposed by Owen [22] and Owen et al. [23] :
▪ First, RRI is anticipatory, which means it should analyse potential impacts -both intended and unintended -including economic, social, and environmental aspects.
▪ Second, it is reflective, examining the underlying purposes, motivations and assumptions of research, and considering uncertainties and risks.
▪ Third, RRI should be deliberative, which means it should open these issues and debates to broad deliberation and inclusive engagement.
▪ Finally, RRI should be responsive by using deliberation to influence the direction and pace of innovation.
As a "collective and continuous commitment" organised around these four aspects (anticipatory, reflective, deliberative and responsive), RRI steers innovation by incorporating considerations and knowledge about ethical acceptability and social needs [21] . RRI has the ambition to complement accounts of risk and precaution as an answer to the policy and regulatory dilemmas arising from techno-scientific fields whose impacts are poorly characterised or highly uncertain. In doing so, it takes a more proactive stance that seeks to answer the question: "what sort of future do we collectively want innovation to create for Europe?" [22] .
From the broader movement towards public engagement in S&T, RRI takes public participation and deliberation as the chief instruments to ensure that the two relevant dimensions of responsibility primarily involved in RRI are effectively in place: care and responsiveness [23] . Care implies the will and capacity to commit in the present for future societal needs and purposes, thus orienting research and innovation towards the future we want to live and they can help to create. Responsiveness implies the openness to the diverse views and knowledge in society, "both in terms of defining the targets for ensure gender equality in both research programming and research content, iv) take account of the ethics dimension, and v) promote science education [61] . [69] . Their roles and remit, particularly in relation to inclusive deliberation, mean that they are valuable in assisting the mainstreaming of RRI in the EU and ensuring its uptake in S&T decision-making processes.
Incorporation of RRI into policy-making processes

Responsible Governance in China
RRI is not a commonly used concept in Chinese S&T governance. However, similar ideas, such as 'responsible research', 'ethics of science and technology', and 'science, technology and society' have for a long time been hot topics in both academic and social discussions [70, 71] . Similar to Europe and other parts of the world, there is now a trend to emphasise more responsible research and innovation in China.
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The background to responsible S&T governance in China can be summarised through three that "S&T makes our lives healthier, easier and more comfortable" [72] , whilst only 66% of the European public agreed with that statement [73] .
The third and final concept is the top-down management system. The traditional governmental policy-making system in China could be summarised as a typical top-down system where the government plays a dominant role in decision-making. Society is very weak compared to the strong state. As a result, public participation in S&T policy-making has been rare.
The responsibility of S&T has been limited to promoting China's economic growth, wealth and power. For many years, the social responsibility of S&T has been neglected. However, great social changes have taken place in the last years that have increased concerns for scientific research and innovation and new arenas for the discussion of responsible S&T have emerged.
Responsible governance at public, scientific and governmental levels
Facing increasing problems around environmental pollution, resource shortages, social injustice and rising public calls for improved livelihoods and better social services, the Chinese government has acknowledged the limits of developmentalism and is actively changing the purely economic-oriented development mode into a more sustainable and China, gathered to protest the plan to establish a p-xylene plant in a suburb because they feared it would pollute the environment. Despite the assurances of industry and local government, the citizens refused to accept the factory. Eventually, the local government gave up the plan and moved the plant to another city [76] . Similar protests have happened in recent years in other Chinese cities. In 2011, a senior researcher for a tobacco research institute was elected to the Chinese Academy of Engineering (CAE) for his achievement in providing technology to reduce tar content in tobacco. This election soon caused public debate. It was argued that technology to reduce tobacco tar was unethical as it might persuade more people to smoke, with the scientist seen as being in the service of the tobacco industry. Therefore, the CAE was asked to deprive the scientist of the title of academician [77] . Although the CAE did not remove him, it took measures to ensure that no more members of the tobacco industry would be admitted [78] . Concern about responsible governance of S&T has also been demonstrated in public opinion research. perception of risk and concern for ethical issues in S&T has led to higher requirements for responsible governance in China [79] .
Among Chinese scientists, in the past discussions focused on the responsibility of scientists as members of the scientific community. As Chinese scientific research capacity grew rapidly, scientific morality and integrity faced more challenges as the scope and impact of scientific misconduct increased. In a 2008 national survey of 30,000 S&T personnel, nearly half thought scientific misconduct was common in China, and more than half of respondents stated that they knew researchers around them who had committed scientific misconduct [80] . The scientific community in China has taken various measures to fight misconduct. For example, in 2007, the Chinese Association of Science and
Technology formally issued 'The Norms of Scientific Ethics of Science and Technology
Personnel' defining the principles of scientific morality, the scope of scientific misconduct, and the process to monitor scientific misconduct [81] . Increasingly, researchers have also become aware that their studies have social and ethical implications. In a survey on science ethics of researchers in China conducted in 2012, only 19% of respondents thought that no ethical issues were involved in their research [82] .
Responsible Governance of S&T: an Indian perspective
In the Indian context the state plays the leading role in deciding priorities in research, funding and the application of S&T for development. In India, S&T has been identified in the policy agenda since the 1950s as a key means to achieve national prosperity, both in terms of economic growth and social development. The Scientific Policy Resolution of 1958 clearly stated that "the key to national prosperity, apart from the spirit of the 19 people, lies, in the modern age, in the effective combination of three factors, technology, raw materials and capital, of which the first is perhaps the most important, since the creation and adoption of new scientific techniques can, in fact, make up for a deficiency in natural resources, and reduce the demands on capital" [83] . India aspires for faster, sustainable and inclusive growth, the Indian STI system, with the advantages of a large demographic dividend and the huge talent pool, will need to play a defining role in achieving these national goals. The national STI enterprise must become central to national development" [25] . The on-going national 12th Five-Year Plan (2012-17) also recognises that the objective of development is a broad-based improvement in the economic and social conditions of the people [43] .
The Government on the other hand has been active in promoting the role of S&T in national and social development. The Ministry of Science and Technology has launched a programme, Science for Equity Empowerment and Development (SEED). This aims to provide chances for scientists to run action-oriented and location-specific projects that use S&T to improve the socio-economic situation of the poor and disadvantaged, particularly in rural areas [86] .
Public policy and civil society in responsible S&T policy in India
It has rightly been suggested by Mashelkar [87] and 'science, technology and innovation for the people' as the new paradigm of the Indian STI enterprise. It exhorts that the national STI system must, therefore, recognise the Indian society as its major stakeholder. "Innovation for inclusive growth implies ensuring access, availability and affordability of solutions to as large a population as possible" [25] .
Thus, it can also be observed that the evolution of S&T policies in India since the 1950s also reflects the change in the nature and mode of advancing new dimensions in the notion of 'responsible governance' of S&T in India. This changed from the top-down approach in the early years, where the government on its own took responsibility for S&T development and direction, to the inclusive approach, where the involvement of the 'entire Indian people' is aspired to, in terms of coordination at all levels with any sector of economic, scientific and technological activity.
Although it is not clear how the inclusive approach will be fully translated into action, there are some promising examples. One case is the discovery, development, and delivery of drugs and vaccines that are affordable, and accessible to the poor [88, 89] . approach. This project involves the participation of students, experts and researchers from both the public and private sectors, whereby data is collected and shared [90] .
Another encouraging example is the evolution of Indian policies aimed at regulating genetically engineered agriculture. Through stakeholder debates it became clear that in India, agrifood innovation cannot be divorced from broader socioeconomic impacts (effects on small farmer communities, the environment, labour costs, traditional 21 agriculture, etc.) while food security is a major preoccupation for policymakers. Food policy has been influenced by various interest groups and/or trade bodies for which socioeconomic issues are key value considerations. This appears to have produced a number of very pragmatic policy choices that aim to sustain and develop organic agriculture while at the same time making room for the sustainable implementation of biotechnology innovations. Where initial regulations emphasised human health and environmental impacts as a result of being heavily based on OECD sources, India expanded biosafety first to address the economic security of farmers, later increasing citizen participation and consultation [28] .
Civil society has been able to play a role in steering S&T governance, although the process could be further democratised to involve the increasing number of farmers using genetically engineered cotton crops in a debate currently being had on their behalf [91] .
As it is the case in China, spontaneous public protest have proven a catalyst in the S&T debates in the country. For instance, huge public protests were seen against the establishment of nuclear plants in various parts of India. Villagers, farmers and activists opposed the plants being built on the grounds of livelihood loss, health and environment hazards, and vulnerability to earthquakes. In the case of the proposed plant at Mithivirdi in Gujarat state, environmental experts and activists alleged that there were serious flaws in the Environment Impact Assessment carried out by the government body, Engineers India Limited [92] .
Dimensions of responsible governance
The previous sections of the Essay illustrate some parallel tendencies in the China, India and the EU. They identify a common trend towards responsible S&T governance, by aligning social needs and goals on the one hand, and science and innovation on the other 22 hand. Similarly, they illustrate the (often conflictual) interaction between the science policy system and the public, an interaction that is nevertheless stimulating and creative.
In an attempt to find a common denominator in these common developments, we find the notion of responsiveness, as the term best describing the commonalities in the three regions. Responsiveness refers to the capacity, commitment and practice of responding to societal demands in and by the science system and policy making. It signifies the process of incorporating lay values and opinions in societal debates and official decision making. In the present section, we introduce three main dimensions relevant for responsiveness that can serve as a guidance to explore commonalities and differences of responsible S&T governance in these three different cultural and institutional settings.
Public participation: in the RRI literature, responsiveness is inextricably linked to deliberation and public participation [23] . While it would be inexact to affirm that the RRI literature reduces public participation to those forms that are institutionalized in policy making, especially in its public sponsored variety, the institutional environment in which RRI is developing (EU policy and, especially, its main research funding instrument Horizon 2020) frames public participation mostly within the broader framework of publicly sponsored projects and initiatives. As we have seen above, China and India share an interest in and are moving towards on institutionalized forms of public engagement, but an important element in building responsiveness of the science system is the spontaneous and less institutionalized action of citizens, be they organized in civil society organizations or (local) movements, who are vocally pushing societal view, needs and demands up the ladder of the political and scientific agenda. This plurality of the forms of public participation suggests the necessity to take a broader view of it, so that the many configurations participation assumes in diverse cultural and institutional contexts can be detected (see e.g. [93] on the varieties of public participation).
Scientific literacy represents a significant problem when promoting public participation in S&T governance. With regard to this, China confronts the fact that the proportion of people with basic scientific literacy accounts for only just over 3% of the Chinese population [72] . The level of economic development and education varies greatly among social classes, regions and ethnic groups. In such a large and diverse country, promoting public participation in S&T governance will be a difficult task. India is similarly aware of the problems created by low levels of literacy. Setting aside science literacy in India, the overall literacy rate of India is only about 74% [94] . This means that there is an urgent Responsibilisation of the scientific community: responsiveness implies also a degree of active involvement and commitment of the actors involved in scientific research or innovation process, including, and primarily, the scientific community itself. We call responsibilisation this active commitment of social actors [95] . In this respect, China and India have experienced a significant protagonism of the respective scientific community.
The push by scientific association to adopt all are part of this thick network that play an important role in the promotion and development of responsible S&T governance across Europe. As part of the science advisory system, they contribute to the inclusion of societal considerations in science and technology policy. Furthermore, the gradual stakeholder engagement turn that affected the activity of some of them, especially in technology assessment, creates important opportunities for broadening public participation. This thick layer of intermediary organizations is almost non existent in India and China but there is a strong will to develop them in the same line of remit as those in Europe.
Conclusions
Responsibility in S&T governance via Responsiveness is an urgent common undertaking in all three regions. While innovation is still the dominant discourse in Chinese society, many policy-makers and scientists worry that emphasising the responsibility of research and innovation may impede China's S&T development [97] . Promoting responsible S&T governance will not only require reform of the S&T governance system but also 25 fundamental reforms of China's economic development and social governance system, such as changing the economic-focused development mode and including more public participation in the social governance system. Similarly, India is struggling to strike a balance between promoting innovation and ensuring that it is inclusive. In practice, this does not currently seem to be happening. Policy-makers in the Ministry of S&T believe that the various tenets of ensuring inclusiveness can have adverse effects on science, technology and innovation potential. Proponents argue that it is high time that the various stakeholders who would be impacted by such science, technology and innovation exercises be informed and involved from the beginning, to bridge the gap between science and society. In the European Union, to live up to the expectations expressed in
Horizon 2020, a concerted effort will be needed to increase RRI diffusion and effectiveness. The EC recently convened an Expert Group on the State of Art in Europe on RRI to assess alternative policy options for fostering RRI policies in Europe [21] . The
Group report clearly identified the need to coordinate efforts in the EU as a crucial issue concerning RRI mainstreaming in research and policy as well as for its effective implementation, through, for instance, ad hoc funding or the adoption of RRI-related criteria for existing programmes. This is even more important in the EU governance context, which is by definition diverse and multi-layered.
This Issues and Opinions Essay has briefly presented some key aspects of public S&T policy trying to highlight some crucial thematic aspects related to these efforts and processes converging towards the construction of responsible S&T governance, its organization and its implementation in China, India and the European Union. The goal was not to outline a fully-fledged comparative analysis, but, more modestly, to propose some topics for further academic and policy debate. Responsiveness, i.e. the capacity, commitment and practice of responding to societal demands in and by the science system and policy making, has been chosen as an umbrella term to make sense of these interactions and as 26 a guiding concept in the selection and presentation of these topics because it is at the heart of the alignment of science practice and policy on the one hand and society demands and goals on the other hand that is postulated by the RRI approach. Public participation, scientists responsibilisation, and intermediary organizations in the Science Advisory Systems have been identified as possible dimensions of responsibility along which analysis, comparison and collaboration can be organized. In suggesting these possible domains for a common endeavour, we are aware that responsible governance has to be developed within each particular cultural and need-based context.
As globalisation decisively interconnects S&T developments around the world, steering research and technology for social goals requires a careful balance between global convergences and local differences. Overall, responsible governance represents a strong force of change internationally. The direction and form of change will depend on local norms and needs. Further in-depth research on the existing application of responsible governance in these three geographic areas is needed in order to achieve a shared understanding that might foster the establishment of common research programmes in the field. The conceptual and procedural aspects of change in practices and policies of responsible governance will require further international collaboration that would function in parallel to the significant S&T collaboration that is currently taking place amongst the EU, China and India.
We hope this Essay can contribute to foster a robust scientific debate on this issue, which, in turn, can help promote international collaboration in the field of responsible S&T governance. 
